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WOOD-FRAME CONSTRUCTION  
  

 Single-family residential 

 Multi-unit residential and commercial  
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CONCRETE 

PERIMETER 

WALL 

FOUNDATION FAILED 

CRIPPLE 

WALL 
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WOOD 

SUPERSTRUCTURE 

SLIDING ON 

FOUNDATION 
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FAILURE OF 

UNREINFORCED 

CHIMNEY 
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FAILURE OF 

REINFORCED 

CHIMNEY 
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FAILURE OF BRICK 

VENEER 
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MASONRY CONSTRUCTION  

 Unreinforced brick masonry bearing 
wall buildings 

 Unreinforced concrete block masonry 
bearing wall buildings 

 Steel-frame with masonry infill 
buildings 

 Reinforced masonry buildings  
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WHAT IS A URM? 
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FALLEN 

OUTER 

WYTHE 
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EARTHQUAKE (MIS)BEHAVIOR 
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FAILURE OF 

UNREINFORCED 

MASONRY 

PARAPET AND 

WALL 

BARRICADED 

AREA SUBJECT 

TO FALLING 

HAZARD 
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UNREINFORCED 

MASONRY PARAPET 
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ATC-20 

SECTION OF CANOPY ROOF 

COLLAPSED BY FALLING 

PARAPET MASONRY 
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HEADER/TIE 

 COURSE 

BEAM POCKET 

Siu Siu 
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EARTHQUAKE (MIS)BEHAVIOR 
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MASONRY WALL ANCHORAGE 
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STAIRSTEP CRACKS 

USUALLY INDICATE 

UNREINFORCED 

CONCRETE BLOCK 

WALL 
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HORIZONTAL 

AND VERTICAL 

REINFORCING CONCRETE 

BLOCK 

MASONRY 

ATC-20 



BLOCKS 

PLACED 

ON END 

CONTINUOUS 

VERTICAL 

JOINT 

ATC-20 
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REINFORCED 

CONCRETE BLOCK 

UNREINFORCED 

BRICK MASONRY 
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CONCRETE CONSTRUCTION  
  

 Structural walls or frames 

 Cast-in-place or precast 

 Combinations of the above  
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DIAGONAL 

CRACKS IN 

CONCRETE 
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ATC-20-1:45 
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TILT-UP WALL ANCHORAGE 
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PRECAST 

DOUBLE-T ROOF 

MEMBERS 
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STEEL-FRAME CONSTRUCTION  
  

 Multi-story fire resistive frame 

 Pre-engineered light frame  
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TYPE S1 – STEEL MOMENT FRAMES 
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S1 – STEEL MOMENT FRAME 
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BRITTLE 
STEEL?? 
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TYPE S2 – STEEL BRACED FRAMES 
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S2 – STEEL BRACED FRAME 

WASAFE BSA MODULE 11 



ATC-20 

S2 – STEEL BRACED FRAME 
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BRITTLE 
STEEL? 
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SANTIAGO AIRPORT 

 Braced Frame Building 

◦ In-Plane Gusset Plate Buckled 

◦ Perpendicular Gusset Plate Added 
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TYPE S3 – STEEL LIGHT FRAMES 
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S3 – STEEL LIGHT FRAME 

STEEL ROD  

X-BRACING 

CORRUGATED 

PANELS 
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TYPE S4 – STEEL FRAMES W/ 
CONCRETE SHEAR WALLS 
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S4 – STEEL FRAME W/ CONCRETE 
SHEAR WALLS 

GIRDERS, 

BEAMS 

COLUMNS 

CONCRETE  

SHEAR WALLS 
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CRACKED CONCRETE 

WALL AT INTERIOR 

ELEVATOR CORE 
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TYPE S5 – STEEL FRAME W/ 
MASONRY INFILL WALLS 
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S5 – STEEL FRAME W/ URM INFILL 

Ledger for 
Exterior Wythe 

Steel Frame 

3-Wythe 
Brick Infill Wall 

Wood Framing 
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MANUFACTURED  
HOMES 
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DAMAGE TO MANUFACTURED 
HOMES 

Off their piers, blocks, or jack stands either 
partially or totally 
 
Piers penetrating the interior floor decking  
 
Fully or partially burned 
 
Energizing of metal skin in older units 

ATC-20 



DAMAGE TO MANUFACTURED 
HOMES 

Utilities damaged and turned off 
 
Water heater movement effecting venting 
and/or gas supply 
 
Damage to accessories 
 
Displaced sewer connections 
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MANUFACTURED HOME 
EVALUATION PROCEDURES 
Stability of the jack stands; 
 
Safety of accessories, awnings, etc;  
 
Condition of utilities;  
 
Home ingress and egress, and 
 
Geotechnical. 

ATC-20 



Example of a well-
worn jack stand used 
to support 
manufactured home. 
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NONSTRUCTURAL ELEMENTS  

 Parapets, chimneys, ornamentation 

 Cladding and glazing 

 Partitions 

 Suspended ceilings, raised floors 

 Tanks, piping, and ductwork 

 Equipment, furnishings 
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PIERS CRACKED 

FROM POUNDING 

AT LEVEL OF 

ADJACENT ROOF 
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DISLODGED CLAY 

ROOF TILES CREATE 

A FALLING HAZARD 
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Pfeiffer 
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“ELEPHANT’S FOOT” 

BUCKLING AT BASE 

OF LIQUID STORAGE 

TANK 
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LACK OF BOLTED 

CONNECTION BETWEEN 

EQUIPMENT AND 

SUPPORT PLATFORM 
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PIPE FLANGE 

FAILURE CAUSED 

BY EARTHQUAKE 

LATERAL FORCES 
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Seattle Public Utilities 
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HAZARDS 



GEOTECHNICAL HAZARDS  

 Increased shaking 

 Fault rupture 

 Basin amplification 

 Liquefaction/Lateral spreading 

 Landslides 
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FAULT 
RUPTURE 

ATC-20 
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BASIN AMPLIFICATION 
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LIQUEFACTION/ 
LATERAL 
SPREADING 
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LIQUEFACTION 
 Phenomenon in which soil 
strength and stiffness are 
significantly reduced by 
earthquake shaking 

  

 Strength loss in soil due to 
build-up of water pressure 

 

 Occurs in loose, saturated, 
sandy and silty soils  

http://throughthesandglass.typepad.com 
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LIQUEFACTION EFFECTS 
 Settlement and differential settlement 
(bearing capacity failure) 

 Loss of deep foundation capacity (settlement 
or breakage of piles) 

 Lateral spreading 

 Slope failure 

 Effect on ground motions 

 Flooding and uplift of utilities  

 Damage over very large areas 
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BUILDING FOUNDATION 

SETTLEMENT DUE TO 

SOIL LIQUEFACTION 
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PILE SUPPORTED,  

NO SETTLEMENT 
SHALLOW (RAFT) 

FOUNDATION,  

27” SETTLEMENT 

GROUND, 15” 
SETTLEMENT 

Lindquist 
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BUILDINGS LEANING 

BECAUSE OF FOUNDATION 

SETTLEMENT DUE TO 

LIQUEFACTION 
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Photo courtesy of Prof. Misko Cubrinovski 

University of Canterbury, New Zealand 
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LANDSLIDES 

Considerations for tagging: 

Risk to life-safety 

Cause of slide 

Geology, groundwater, typical slide types in area 

Cracks, leaning trees, running groundwater, bulges 
at toe of slope 
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LANDSLIDES 

Considerations for tagging (cont.): 

Potential for near-term sliding 

Likelihood of aftershocks 

Foundation system of structure 

May be able to be conservative because of limited 
effect of tagging 

May need help from geotechnical consultant 
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SEATTLE LANDSLIDE-  
PRONE AREA MAP  
(Seattle Landslide Study, Shannon & Wilson 2000, 2002) 

Seismically induced landsliding:  A Scenario 
Study of Seismically Induced Landsliding in 
Seattle Using Broadband Synthetic 
Seismograms by Allstadt, Vidale, and Frankel, 
BSSA 2013 
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Sendai City Aoba Ward Oritate 5 Chome 

Lindquist 

Siu 

BULGES 

HOUSE PUSHED 

INTO STREET 
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Landslides 

SDCI (Seattle) 
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MATERIALS 



HAZARDOUS MATERIALS  
Recognition  – Type of facility 
  National Fire Protection  
 Association (NFPA) diamond  
 marker 
  Fumes, odors 
  Visible spills 

      Actions – Leave and post area 

  Notify jurisdiction or fire  
 department  
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COMMON FAILURES CAUSING  
HAZMAT RELEASES 

  
 Building structural failures 
 Dislodged asbestos 
 Underground pipeline breaks 
 Short connector pipe breaks 
 Elephant’s foot buckling of vertical cylindrical tanks 
 Overturning of elevated tanks 
 Sloshing from open-topped tanks 
 Falling containers 
 Equipment sliding or overturning 
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USDOT HAZMAT LABELS 
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NFPA DIAMOND (CHEMICALS) 
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HMIS/OSHA LABELS 
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OTHER NON-SEISMIC  
HAZARDS 
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NON-SEISMIC HAZARDS 
 Wind Events  
(ATC-45) 
◦ Hurricanes 

◦ Tornados 

◦ Other Wind Storms 

 Floods 

 Blast (explosions) 

 Fires 

CHAPMAN, KS TORNADO 2008 

DAMAGED NEIGHBORHOOD 
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GENERAL PRINCIPLES 
 Structural safety principles are same as seismic 

◦ Focus on immediate stability/imminent hazard 

◦ Assume no immediate following event 

 Follow instructions/policies of local jurisdiction 
◦ Placards required, even if no structure remaining? 

◦ Do we know the structure belongs on the site? 

 Be aware of, protect self from additional hazards 
◦ Mold, chemicals (floods) 

◦ Hazardous dust (blast) 

◦ Airborne carcinogens (fire) 
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RESOURCE DOCUMENT  
(WIND & FLOOD) 
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ATC-45 
HURRICANES 

≥ 74 mph winds 

Building damage: 

Building lateral force 
resisting system 
(wind force) 

Storm surge/flooding 

Debris impact 
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ATC-45 
TORNADOS 
Smaller area, greater 
intensity vs hurricanes 

Building damage:  

Strong winds near 
center (≥ 200 mph) 

Pressure drop at 
center 

CALOES SAP 



CALOES SAP 



    

ATC-45 
CALOES SAP 



ATC-45 
WIND 
STORMS 
Linear wind storms 
(West Coast) 

Building damage: 

High wind 

Wind-driven waves 
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ATC-45 
FLOODS 
Flash floods/other swift 
water 

Inundation (slow-moving 
water) 

Building damage: 

Water force on lateral 
force resisting system 

Foundation scour 

Unanchored buildings 

Mold, contaminated 
water 
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BLAST/ 
EXPLOSIONS 
 

Building damage 

Overpressure on/in 
structures 

Assess nearby buildings 

WWW.OOM2.COM 
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FIRE 
Large-scale (wildfire) 

Individual buildings 

WASAFE BSA MODULE 13 LAFIRE.COM 

NATIONAL PARK SERVICE 



FIRE – LARGE-SCALE (WILDFIRE) 

 May still require 
placarding 

◦ See AHJ 

 Free-standing 
masonry/concrete  
walls & chimneys 
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FIRE – INDIVIDUAL BUILDINGS 

Assess effect on structural 
stability 

◦ Sagging floors 

◦ Spalled concrete 

◦ Burned wood 
beams/bearing walls 

◦ Out of plane wall stability 
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POLITICS OF 
RECOVERY 
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PUBLIC SAFETY VS  
ECONOMIC RECOVERY 

 Pressure to reopen businesses  
◦  ATC-20 by contract engineers for 

building owners (WP 5-2009) 

 Pressure to reopen streets 

 Hazard mitigation/abatement of 
unrepaired, tagged buildings 
(enforcement) 
◦ Adjacent buildings affecting undamaged 

property 
◦ Coordinate with Public Works 

departments on hazards to public right-
of-way 

◦ Historic preservation 

 Repair responsibilities 

 Beware fly-by-nighters 
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KOBE, JAPAN; JANUARY 1995 
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KOBE, JAPAN; JANUARY 1995 
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NEXT STEPS 
 Personal preparation (work and home) 

 Decide if want to volunteer 

◦ In-state 

◦ WAsafe 

◦ Apply through member organization (AIA, ASCE, SEAW, WABO) 

◦ Unaffiliated => apply through WABO 

◦ Out of state 

◦ CalOES (www.caloes.ca.gov) 

◦ Search for Safety Assessment. 

◦ Disaster Response Alliance (ICC/NCSEA) 
(www.disasterresponse.org) 

WASAFE BSA MODULE 14 
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SLIDE CREDITS  
ASCE/SEI Chilean Earthquake Assessment Teams 
Christopher Arnold 
J. Marx Ayres 
Ross Boulanger/UC Davis 
Gregg Brandow 
California Office of Emergency Services 
Prof. Misko Cubrinovski/University of Canterbury 
H. J. Degenkolb Associates 
Jon Egan 
Ronald P. Gallagher 
Geotechnical Extreme Events Reconnaissance (GEER) Teams 
GeoEngineers (J. Gordon) 
Dr. Les Harder 
Doug Lindquist 
Los Angeles Department of Building and Safety 
Los Angeles County Department of Building and Safety 
John Meehan 
National Fire Protection Association 
National Oceanic and Atmospheric Administration  
National Paint and Coatings Association 
National Research Council 
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SLIDE CREDITS (CONT.) 
Pacific Northwest Seismic Network 
San Francisco Bureau of Building Inspection 
Seattle Department of Construction and Inspections 
Shannon & Wilson, Inc. 
Stephen D. Pfeiffer 
RDD Consultants, Inc. 
Reid Middleton, Inc. 
Robert Reitherman 
Jonathan C. Siu 
Yet M. Siu 
SEAW Tohoku Reconnaissance Team 
Steinbrugge Slide Collection, EERC 
James Stratta 
U.S. Geological Survey (Art Frankel) 
Tom Wangerin 
Washington Department of Labor & Industries 
Wiss, Janney, Elstner Associates 
Kit Wong  
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